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Matercial-fetal exchange a potent tobacc<i>>relat$d huenain 
carcinogen, 4-a!niiinokigtlieB9y!, was studied in smoking (n=14) 
and ffionsjnoCting (n=38) pregnant wonieBj, /^-HydroKy- 
4>aiinitiofeiphenyB, the active mstithnlsl® of 4«amiiaiobipiiiiejisf8, 
forms chemicaS addition prodacUs (addncts) with 
bensoglnbin. Levels of 4-aBii9Biniobi|phenyl heneogSobin adducts 
were stiea$ured in materasE-fetal paireil bBooiE samples 
obtaisiedl from SBSseMng and roffinssmoking wnmsisi during 
labor and delivery. Carcissogen-hemogBotoin adducts were 
detected In all maternal and fetiQl blood samples. £.ievels of 
suclli adducts were significantly higher in imateraal 

and fetal blood samples from smokers: the means 
4-amtnobapfeemyl hemogloblBi adduct level was S>2 ± §4 pg/g 
of hemoglobin in blood samples: froiniii fetuses of smokers , 
aisd n ± O pg/g of hemogMm its Wood samples from 
fetuses of nonsmokers; the eteaiii maternal ^-aminobipliieniyl 
toemoglobin adduct level was 133 ± 1©3 pg/g of Isemogbbm 
ill smokers, amd 22 ± 8 pg/g of hemoglobin in nonsmolkers. 
Fetal careist^^ein-ffiddsict levels were consistently lower tham 
rasaternal Bevels: the saseam maternal to fetal ratio was 2.4 ± 
LI BH smokers and 1.9 ± .98 in nonsmokers. Fetal 
4"Emimol}iphenyS teemogtobisB adduct Bevds were strongly 
associated (correlation coeffacociDt [r^] = .SI, P = .®©2| with 
Dicaternal 4-a!minobBphe9iyB hemoglobini adduct levels when 
paired samples from snioEsIng mothers were assalyaed. A 
measure of tteird-triBiiester tobacco smoke esposur® based 
on Bosamber of cigarettes smoked per day, amount of each 
cigarette smoked, and depth of inhaDation was associated 
(r^=.S@, #”=.029) with materaal <3-annilnobiphea»yl levels but 
not with fetal 4-aimfoobipEiienyl leveEs. This study 
demoKstrates that a potent tobacco-related carcmogem, 
^-arniiiobiphenyB, or its active metaboite, AZ-hydroKy^- 
aminobaphenyB, crosses the btumh placenta and biitils to 
fetal hemogBotoiin jsb concentraitioms that are significaratSy 
higher in smokers than im momsiimokers. [J Natl Cancer Just 
83:274-28®, 1991] 


Tobacco smoke is one of the most prevalent sources of in 
utero exposure to tosic substances. Evidence from clinical and 
laboratory studies suggests that access of tobacco smoke car¬ 
cinogens to the human fetus is highly probable, and that the 
potential for tobacco smoke-induced human transplacental car¬ 




cinogenesis exists and merits serious attention (/ )■ Results from 
human studies demonstrate that: tobacco smoke toxins readily 
cross the placental membrane (2-S); tobacco smoke induces 
placental and fetal enzyme systems that are capable of biouc- 
livating procarcinogens to mutagens (9-/2); maternal smoking is 
associated with DNA damage in the placenta (/J); and exposure 
to tobacco smoke in utero might increase the risk of developing 
childhood and adult cancers (/4-16). In laboratory studies, 
tobacco smoke-related carcinogens such as 4-aminobiphenyl 
(IT), benzo(a)pyrene (/7), and tobacco-specilic nilrosamines 
(18) readily cross the placenta] membrane. Furthermore, 
transplacental carcinogenesis occurs in laboratory animals ex¬ 
posed to cigarette smoke condensate (/9). diethylnitrosamine 
(20). 3-methylcholanthrene (21), tobacco-specific nitrosamines 
(22). and benzo(a)pyrene (23). 

Recent advances in the quantitative analysis of chemical addi¬ 
tion products (adducts) make it possible to study the association 
between tobacco smoke exposure and carcinogen-induced DNA 
damage in fetal tissues (13.24). Everson et al (J3). using the ^^P- 
postlabeling assay, detected a total of .seven different DNA ad¬ 
ducts in human placental tissue: three of the adducts were found 
almost exclusively in smokers. Shamsuddin and Gan (25) 
demonstrated the presence of benzo(a)pyrene 7,8-diot 9,10- 
epoxide (BPDE)-DNA adducts in human placenta by using 
anti-BPDE-DNA antibody and light microscope im- 
munochemistry. Manchester et al (26) recently measured 
BPDE-DNA adducts in human placenta using '"P-postlabeling 
and immunoaffinity chromatography. Elevated levels of several 
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tobacco smoke carcinogen-DN A and tobacco smoke-pfoiein ad¬ 
ducts have been measured in tissues of adult smokers; 
polycyclic aromatic hydrocarbon-DNA iidducts in white blood 
cells (27); henzo(£r)pyrene-DNA adducts in bronchial cells 
(28.29), peripheral blood leukocytes, and pulmonary alveolar 
macrophages {29JO)', 4-aminobiphenyll hemoglobin adducts 
(30J]) and hydroxyethyl hemoglobin adducts (.32) in red blood 
cells. 

In this study, we investigated the relatiionship between mater¬ 
nal smoking and 4-aniinobiphenyl hemoglobin adduct level in 
the fetus. The substance 4-aminobiph«inyl, a lobacco-reiated 
aromatic amine, is a potent human bladdttr carcinogen present in 
mainstream (4 ng per cigarette) and sidestream (14 ng per 
cigarette) tobacco smoke (iJ). The carcinogenicity of 4-amino- 
biphenyl is believed to derive from hepatic (V-oxidation to N- 
hydTOxy-4-aminobiphenyl. and subsequent hydrolysis to yield 
an electrophilic nitrenium ion that binds to DNA. In the blood, 
free W-hydroxy-4-aminobiphenyl is oxidized further within the 
erythrocyte to 4-nitrosobiphenyl, which forms a covalent adduct 
with hemoglobin (.34). Several studies have demonstrated pro¬ 
portionality between carcinogen binding to DNA and carcino¬ 
gen binding to hemoglobin (J5-d8). Therefore, 4-aminobiphenyi 
hemoglobin adduct level has been used tis a dosimeter for DNA 
damage in tissues of adult smokers. Tannenbaum and colleagues 
(31) have measured elevtiied mean levels of 4-aminobiphenyl 
hemoglobin adducts (154 pg/g of hemoglobin) in smokers and 
detectable levels (28 pg/g of hemoglobin) in nonsmokers, in a 
recently published study, levels of 4-aminobiphenyl hemoglobin 
adducts dropped dramatically (from 120' pg/g of hemoglobin to 
34 pg/g of hemoglobin) in human subjecKs successfully complet¬ 
ing a smoking withdrawal program (39). 

The presence of significantly elevated levels of a potent 
tobacco-smoke carcinogen in the hemoglobin of adult smokers 
underscores the importance of studying the maternal-fetal ex¬ 
change of tobacco-related carcinogens during pregnancy. In 
order to increase our understanding of the access of tobacco 
smoke carcinogens to the fetus, we have determined; (a) the 
relative levels of 4-aminobiphenyl hemoglobin adducts in the 

fetuse.s of smokers and nonsmokers; (b) the relationship be¬ 
tween measures of maternal tobacco smoke exposure during 
pregnancy and fetal 4-aminobiphenyl hemoglobin adduct levels; 
and (c) the relationship between maternal and fetal levels of 4- 
aminobipheny] hemoglobin adducts. 



All nonsmoking women who attended the Medical Center of 
Centra! Massachusetts-Memorial Obstetrics Clinic during 1983 
were invited to participate in the study. Women who had been 
ex-smokers for less than 6 months were excluded from the 
study. Research subjects completed a validated invesdgator-ad- 
ministered questionnaire and a 7-day dliary designed to assess 
exposure to environmeniai tobacco simoke during the third 
trimester of pregnancy. The study participants were asked to 
wear a passive nicotine monitor during all waking hours for the 
week during which they recorded the 7-day diary. In order to 
measure changes in passive exposure to tobacco smoke 


throughout pregnancy, a sample group of the nonsmoking preg¬ 
nant women (n = 17) was asked to wear the nicotine monitor 
and complete the daily diary during both the first and third 
trimester. The development and validation of the diary, ques¬ 
tionnaire, and nicotine monitor have been described in detail in 
previous publications (40-42). 

All actively smoking women in the 34th through 38th week 
of pregnancy who attended the Medical Center of Central Mas¬ 
sachusetts-Memorial Obstetrics Clinic in 1989 were also invited 
to participate in the study. An investigator-administered ques¬ 
tionnaire was completed in order to determine details of smok¬ 
ing practice throughout pregnancy. Research .subjects were 
asked to describe current average number of cigarettes smoked 
per day, changes in amount smoked throughout pregnancy, level 
and duration of inhalation, amount of each cigarette smoked. 
brand(s) smoked, and frequency of leaving unfinished cigarettes 
burning in an ashtray. Each participant was asked to complete a 
daily diary for 7 days. The diary provided a record of the num¬ 
ber of cigarettes smoked per day during a typical week. 

Laboratory Analysis 

Maternal blood samples (20 mL) were collected from smok¬ 
ing and nonsmoking mothers during admission for labor and 
delivery. Fetal blood samples (20 mL) were collected from the 
umbilical vein immediately after delivery. Samples were 
refrigerated immediately and shipped on ice to laboratories at 
the Massachusetts Institute of Technology within 48 hours of 
delivery. Analysis of blood .samples for levels of 4- 
aminobiphenyl hemoglobin (4-ABP) adducts was essentially the 
same a.s that reported earlier (31). except that a different internal 
standard, hemoglobin containing a perdeuterated 4-ABP adduct, 
was introduced. Briefly, the packed red blood cells from 10 mL 
of blood were washed with saline solution and lysed with dis¬ 
tilled water/toluene. The supernatant after centrifugation was 
dialyzed against distilled water and used directly for analysis, 
Hemoglobin content was determined by Drabkin's assay and the 
internal standard, a solution of hemoglobin previously adducted 
with A-hydroxy-4-aminobiphenyi-d^, and containing 130 pg of 
hydrolyzable amine, was added, After 30 minutes at room 
temperature, sufficient 10 M NaOH was added to yield a 0.1 M 
in NaOH mixture. The amines were extracted with hexane after 
1 hour and derivatized with pentafluoropropionic anhydride. 
The hexane solution was concentrated to 20 pL for analysis by 
capillary gas chromatography with negative chemical-ionization 
mass spectrornetry. Selected ion monitoring for the derivatives 
of the amines can detect le.ss than 10 pg of 4-aminobiphenyI ad¬ 
duct per 10 mL of blood. A test of the precision of the assay 
using the deuterated adduct standard gave a value of 4%. 

EesMSts 

Fifty-three nonsmokers and 20 smokers were enrolled in the 
study. Maternal-fetal paired blood samples were obtained from 
38 nonsmokers and 14 smokers. Incomplete samp1e.s (eg, mater¬ 
nal or fetal blood sample only) were collected from 4 non- 
smokers and 3 smokers. 4-Aminobiphenyl hemoglobin adducts 
were detected in all maternal and fetal blood samples, The con¬ 
centration of carcinogen-hemoglobin adducts in the cord blood 
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Fig 1.4-Aniiiiobiphenyl hemoglobin adduct concentration (pg/g of hemoglobin) 
in fetuses of nonsmoking (n = 40) and nmoking {n = Ih) mothers, hb = 
hemoglobin. 



Fig 2.4-Araitiobiphenyl hemoglobin adduct concentration (pg/g of hemoglobin) 
in nonsmoking (n = 40) and smoking (n = 15) pregnant women, hb = 
hemoglobin. 


of fetuses from smoking mothers (mean, 92 ± 54 pg/g of 
hemoglobin) wa,s significantly higher {F<.00l) than the con¬ 
centration in cord blood from fetuses of nonsmoking moihers 
(mean. 17 ± 13 pg/g of hemoglobin). Carcinogen-adduct levels 
in maternal blood samples were significantly higher (P<.00]) in 
smoker.s (mean, 183 ± 108 pg/g of hemoglobin) than in non- 
smokers (mean, 22 ± 8 pg/g of hemoglobin). The levels of 4- 
aminobipheny) hemoglobin adducits in maternal blood samples 
from smokers are In close agreement with levels reported in 



yig 3. Simple linear regression of fetal 4-anunobiphenyl hemoglobin adduct 
concentration and maternal 4-^aminQbiphenyl henioglobm adduct concentration 
in the total study sample (n ^ 52). hb - hemoglobin. 


other studies (J/,J9). Maternal levels in nonsmokers are slightly 
lower than levels previously reported. 

Fetal 4-aminobiphenyl hemoglobin adduct levels in smokers 
and nonsmokers were found to overlap (Fig !). Three fetal 
blood samples from smokers fell within the range observed in 
non-smoklng adults (15,19, and 20 pg/g of hemoglobin), and 
three blood samples from fetuses of nonsmoking adults fell 
within the lowest range observed in smokers (52, 82, and 90 
pg/g of hemoglobin). All maternal 4-aminobiphenyl hemoglobin 
adduct levels in nonsmokers were lower than the levels 
measured in smokers (Fig 2). 

In order to characterize the maternal-fetal 4-amiiiobiphenyl 
hemoglobin adduct relationship, simple linear regression 
analysis was performed using maternal adduct level as the inde¬ 
pendent variable and fetal adduct level as the dependent variable 
(Fig 3). A significant correlation (r’ = ,73, Pc.OOl) was found 
when the total study sample was included. To determine the ex¬ 
tent to which the correlation is driven by the difference in 
smokers versus nonsmokers, separate linear regression analyses 
of the maternal-fetal 4-aininobiphenyl hemoglobin adduct con¬ 
centrations in smokers and nonsmokers were conducted. 
Evidence for an association was stronger for smokers (r^ = .51, 
P = .002) than nonsmokers (r^ = . 10, F = .06), (Figs 4 and 5). 

Maternal 4'aminobiphenyl hemoglobin adduct levels were 
higher than fetal levels in 85% of the paired samples. In paired 
samples from nonsmokers, the ratio of maternal to fetal adduct 
level ranged from 0.4 to 4.4, with a mean value of 1.9 ± 0.98. In 
four paired samples from nonsmokers, maternal and fetal levels 
were equivalent; in three paired samples, fetal levels were 
higher. Maternal-to-fetai adduct ratios in smokers ranged from 
0,9 to 4.9, with a mean value of 2.4 ± 1.1 (Fig 6). In one paired 
sample from a smoker, maternal and fetal adduct levels were 
equivalent; all other paired samples from smokers demonstrated 
adduct levels that were higher in the mother than in the fetus. 
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Fig 4. Simple linear regression of feral 4-amino()iphenyl hemoglobin adduct 
conceniration and maiemal 4-aminobiphenyt hemoglobin adduct concentration 
in smokers (n = 14). hb = hemoglobin. 


To lest for dose-response relaiionshipts, several measures of 
maternal tobacco smoke exposure were compared with maternal 
and fetal 4-animobiphenyl hemoglobin adduct levels. For 
smokers, an estimate of the number of cigarettes smoked per 
day during the last trimester of pregnancy was derived from the 
questionnaire and daily diary. The estimate was based on the 
number of cigarettes smoked per day, the amount of each 
cigarette smoked, and the depth of inhalation. Maternal 4- 
aminobiphenyl hemoglobin adduct levels were positively as¬ 
sociated with the exposure estimate (r^ = .564, P = .029). 
Adduct levels in fetuses of smokers were not strongly predicted 
by the measures of maternal exposure (r* = .2, P = .08). For non- 
smokers, the environmental tobacco smoke exposure score (40) 
derived from the questionnaire and diari?, and the average con¬ 
centration of nicotine calculated from the passive monitor, were 
compared with 4-aminobiphenyl hemog'lobin adduct levels. Al¬ 
though maternal exposure to environmental tobacco smoke was 
not strongly associated with feta! adduct levels, evidence for a 
positive trend was observed when nicotine levels from passive 
monitors were compared with maternal 4-atninobiphenyl levels 
(manuscript in preparation). 

This study demonstrates that a potent tobacco-related car¬ 
cinogen, 4-aminobiphenyl, or its active metabolite, N-hydroxy- 
4-aminobipheny], crosses the human placenta and binds to fetal 
hemoglobin. All fetal blood samples tested revealed detectable 
amounts of 4'aminobiphenyl hemoglobin adducts. Carcinogen- 
hemoglobin adduct levels in the fetuses of smoking mothers 
(mean, 92 pg/g of hemoglobin) were significantly higher than 
levels measured in the fetuses of nonsmokers (mean, 17 pg/g of 
hemoglobin). 

Fetal 4-aminobiphenyl hemoglobin adduct levels were lower 
than maternal levels in 85% of the painsd samples. The consis- 



Fig S. Simple linear regression of fetal 4-aminobiphcnyl hemoglobin udfjuct 
coftceniratiun and maternal 4-amknobiphenyl hemoglobin adduct concentration 
in nonsmolfers (n ^ 38). hb - hemoglobin. 


tent step-down in fetal levels canno! be accounted for by ; 

decreasicd binding affinity of human fetal hemoglobin; in vitro | 

measurements of adduct formation by reaction of Ai-hydroxy-4- 

ABP with fetal hemoglobin confirmed equivalent binding af- "j 

finity of adult and fetal hemoglobin. The twofold difference in 

maternal and fetal levels observed in our study is consistent with 

animal studies of 4-aminobipheny! hemoglobin transplacental 
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Fig 6. Ratio of maternal to fetal 4-aminobiphenyl hemoglobin adduct concentra- 
tion in nonsmokei’s (h = 38) and smokers (ri = 14). 
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transport. Lo et al (17) found detectable levels of 4- 
aminobiphenyl DNA adducts in all fetal tissues following 
maternal dosing in laboratory rats. Feta) levels were generally 
lower than maternal levels. Possible explanations for the lower 
feta! levels observed in our study include: immaturity of feuil 
enzyme-activating systems; placentjil trapping of active meiabo- 
lites; carcinogen inactivation catalyzed by tobacco smoke-in¬ 
duced placental enzymes; and increased rate of degradation of 
the fetal 4-aminobiphenyl hemoglobin adduct. Fetal hemoglobin 
turns over at a significantly higher rale (lifetime = 65 days) than 
maternal hemoglobin (lifetime = 120 days). Therefore, if ex¬ 
posure to tobacco smoke decreases during the third trimester, 
relatively lower levels of carcinogen-hemoglobin adduct.s may 
be present in fetal blood samples obtained during delivery, 
secondary lo increased degradatiom of the older, more heavily 
exposed red blood cells in the fetus. In our study, exposure to 
tobacco smoke may have decreased during the third trimester. 
Among smokers. 47% of the research subjects reported decreas¬ 
ing the number of cigarettes smoked per day during the final 2 
months of pregnancy (mean decniase, 5 cigarettes per day). 
Among nonsmokers, 4770 of the research subjects for whom 
first- and third-trimester nicotine levels were obtained 
demonstrated decreased nicotine levels during the third trimester 
(mean percent decrease, 58%). 

The significantly elevated levels of 4-aminobiphenyl 
hemoglobin adducts in cord blood sample-s from smokers raises 
serious concerns regarding the potential for transplacental car¬ 
cinogenesis. Although fetal levels in our .study are consistently 
lower than maternal levels, studies of transplacental car¬ 
cinogenesis in laboratory animals demonstrate that lower levels 
of carcinogens may initiate carcinogenesis when exposure oc¬ 
curs in utero. Administration of 60 mg of cthyinitrosouroa per 
kilogram body weight to pregnant rats initiates 50 times as 
many tumors in offspring as would the same dose to adults (43). 
In addition, the observation that enzyme systems generally are 
activated earlier in human fetuses than in laboratory animals 
suppCMTls ihe possibility that activaied tobacco .smoke car¬ 
cinogens may be present in fetal tissues during the processes of 
cell proliferation and differentiation (44). Carcinogen- 
hemoglobin adducts have been shown to be accurate dosimeters 
of DNA adduct formation in atiult humans and laboratory 
animals (55-55), In the human fetus, however, DNA-repair en¬ 
zyme activity is twofold to fivefold lower than in the adult (45). 
Jt is possible that DNA-repair activity in the fetus occurs at a 
slower rate and that DNA damage in the fetus is even greater 
than indicated by carcinogen-hemoglobin adduct levels. 

The presence of elevated levels of a known human car¬ 
cinogen in the fetal blood reinforces the need for further study 
of tobacco smoke-related transplacental CEurcinogenesis. Several 
epidemiologic studies have been conducted to look for a 
relationship between childhood and adult cancers and in utero 
exposure to tobacco smoke carcinogens. Sljemfeldt et at (14) 
reported a dose-response relationship between number of 
cigareues smoked per day during pregnancy and cancer risk in 
offspring. The risk is doubled for non-Hodgkin’s lymphoma, 
acute lymphoblastic leukemia, and Wilms* tumor. In a large 
prospective study, Neutel and Buck (15) found a nearly doubled 
incidence of leukemia in the offspring of mothers who smoked 

27S 


during pregnancy. Sandier et al (16) reported an increased adult 
risk (relative risk * 2.7) for hemaiopoielic malignancies related 
to gesiational exposure to cigarette smoke. Significantly in¬ 
creased relative risk was found for Hodgkin’s disease (relative 
risk = 4.4), non-Hodgkin's lymphoma (relative risk = f-7), and 
acute leukemia (relative risk = 8.8). In a recent .study, Janerich 
et ai (46) reported that 1 1% of lung cancers among nonsmokers 
can be attributed to high levels of exposure to cigarette smoke 
during childhood and adolescence. Although these .studies are 
hampered by the difficulty of separating in utero and childhood 
exposures, the results of our study support a irmsplacental 
relationship. The mean level of carcinogen-hemoglobin adducts 
present in the fetuses of smoking mothers in our study was four 
times higher than the mean level found in passively exposed 
nonsmoking adults. .Assuming that children exposed to environ¬ 
mental tobacco smoke have carcinogen-adduct levels similar to 
those of passively exposed adults, in utero exposure represents a 
much more concentrated dose. In addition, in utero exposure 
may occur during a time of potentially increased vulnerability 
secondary to the rapid cell proliferation and differentiation in 
the developing fetus. In laboratory studies, Kauffman (47J 
demonstrated u close correlation between the number of 
proliferating epithelial cells and the number of tumors induced 
transplacentally by ethylnitro-sourea at different gestational ages. 

Several studies with models have demonstrated en¬ 

hanced tumorigenesis m adult animals that were exposed in 
utero to carcinogen-s (48.49). Transplacental plus perinatal ex¬ 
posure lo diethylnitrosainine more than doubled the frequency 
of incidence of turnons in adult animals when compared with 
either exposure by itself (20). These results underscore the need 
to look at adult as well as childhood cancers as possible out¬ 
comes of in utero exposure to tobacco-related carcinogens. 

The failure to observe a stronger dose-response relationship 
between fetal carcinogen-adduct levels and maternal tobacco 
smoke exposure is not surpri.sing given the complex genetic and 
environmental determinants of carcinogen metabolism. Butler et 
a) (50) found a 44-fold variation in rates of 4-ABP N-oxidaiion 
in 22 liver microsomal preparations, and Cartwright et al (5/) 
demonstrated a greater than lO-fold person-to-person variation 
in the activity of several enzymes involved with benzo(£()pyrene 
metabolism. Vineis et al (52) observed that levels of 4- 
aminobiphenyl hemoglobin adducts were higher in research 
subjects with genetically determined slow acetylation rates. 
Manchester and Jacoby (9) observed substantial overlap and 
variability of placental monooxygenase activity in research sub¬ 
jects within the same exposure groups (eg, nonsmokers, passive 
smokers. 1-20 cigarettes per day smokers, and >20 cigarettes per 
day smdters). In our study, overlap of 4-aminobiphenyl 
hemoglobin adduct concentration was observed in fetal blood 
samples from smokers and nonsmokers. Of particular concern 
are the elevated carcinogen-adduct levels measured in fetuses 
whose nonsmoking mothers demonstrated («) minimal exposure 
to environmental tobacco smoke, and (b) maternal adduct levels 
within the lower ranges observed in nonsmokers. information is 
lacking regarding the amounts and kinds of enzymes relevant to 
4-amJ nobiphenyl metabolism in humun fetal tissues, but inter¬ 
personal variations in such mecabolisrti in placental and other 
fetal tissues may contribute lo the complexity of predicting ean- 
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cer burden. Pre-existing disease condifiotts or coexposure to eti- 
vironniental agents may further modify the geneticaily deter¬ 
mined activity of the carcinogen. 

In summary, this study confimns transplacemat passage of a 
potent tobacco-related human carcinogen, 4-aminobiphcnyl. 
The presence of .stgnificaniiy elevated levels of 4-ammo- 
bipftenyl hemoglobin adducts in the blood of fetuses from smok¬ 
ing mothers indicates that maternal smoking during pregnancy 
increases carcinogen-induced DNA damage in fetal tissues and 
may, therefore, te associated with increased risk of developing 
childhood and adult cancer. The presence of detectable and, in 
some cases, elevated carcinogen-adducil levels in the fetuses of 
passively exposed nonsmokers lends support to the hypothesis 
that maternal exposure to environmental tobacco smoke may 
also be associated with increased risk ol^ developing cancer later 
in life. Future epidemiologic studies using recently developed 
techniques to estimate molecular dose will be required in order 
to test the.se hypotheses fully. 
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